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Compara tive Morphology of the Externa l Male Genital ia
ot Gymnetis {Coleop tera: Scaraba eidae)

INTRODUCTION AND HISTORICAL BACKGROUND
The object of this study is to elucida te the intraand inter- specific variatio n in the male genitali a of ten
species of GYJ!Deti• 1 and to compare these with eight
species of the closely related genus Cotinis .
Copulato ry organs have been frequen tly used in the
discrim ination of closely related species in many families
of Coleopt era, and very notably in the Soaraba eidae, but
taxonom ists have used these anatomi cal structur es much
less frequen tly in arrangin g species in higher categor ies.
Sharp and Muir (1912) were the first authors to review the
structur e ot the male genital tube througho ut the order
Coleopt era and suspecte d its signific ance as an importan t
taxonom ic tool, not only for the discrim ination of different species of beetles , but also potenti ally useful in
tracing out the phylogen y ot various groups. Snodgra ss
(1957) valued these organs for the identifi cation of

insect species as being equal to that of "finger prints"
tor the identifi cation of human individu als.

Tanner

(1927) made a study of the genital ia of female Coleopt era
.and conclude d on the basis of these structur es that
(1)

Scarabaeoidea were the most highly specialized and most
recently evolved of the Coleoptera.

The study of genitalic

structures has now been proved to be of considerable value
to taxonomists when combined with data derived through
other lines of investigation.
Comparative studies of male genitalia have already
been made in some groups of Coleoptera.

Nakane (1953)

explained the taxonomic importance of the male genitalia
in Japanese Lepturinae (Cerambycidae).

Ehara (1954) made

comparisons of the male genitalia in Cerambycid beetles.
Watson (1956) studied the phylogeny of the Coccinellinae
using male genitalia in addition to other morphological
characteristics.

Genitalic characteristics have been

frequently used in species segregation in the Scarabaeidae,
although only rarely have these characteristics been used
in higher classification.
A survey of the literature reveals that relatively
little work has been done with the genitalia of the Cetoniinae.
Early taxonomists' work on the Gymnetini:

Gory and Percheron

(1833); Burmeister (1842; Bates (1889); Schaffer (1905);
and Casey (1915) described the external morphological
characters but completely omitted genital structures.
Goodrich (1965, 1966) was the first to study male (and
female) genitalia in the Gymetini.

In his revisions of the

genera Balsameda and Cot1nis he used genitalic characters
together with external morphology to group as well as to
distinguish different species.
(2)

METHODS OF INVESTIGATION
of
Thi rty- five mal e spec ime ns of ten spe cies
spe cies of
Gym neti s and fort y-tw o spec ime ns of eig ht
the ir gen ital ia.
Cot inis wer e ide ntif ied and diss ecte d for
Bat es (18 89) ,
Spe cim ens wer e ide ntif ied by refe rrin g to
inol ogy used
Goo dric h (1965) and Sch aeff er (1905). Term
t of Sha rp and
in des crib ing gen ital ic stru ctu res is tha
Mui r (1912) and Goo dric h (1965, 196 6).
hum idiSpe cim ens for diss ecti on wer e plac ed in a
e to rela x
fyin g cham ber tor sev enty -tw o hou rs or mor
ion gen ital ia
them for gro ss diss ecti on. Aft er rela xat
in ten per
were removed thro ugh the pyg idiu m and plac ed
twe nty- fou r
cen t KOH solu tion at room tem pera ture for
boi led wat er
hou rs. Gen ital ia were then tran sfer red to
inte rna l
and clea ned of atta che d sof t tiss ues . The
forc eps exsac s were forc ibly eve rted wit h jew ele r's
its scle ropos ing the inn er surf ace of the sac wit h
ed in gly ceri ne
tize d par ts. The gen ital ia wer e then plac
spec ime n pin s.
and stor ed in mic rov ials atta che d to the
ocu lar dis Dis sec ted gen ital ia were stud ied wit h a bin
ing from
sec ting mic orsc ope wit h mag nifi cati on rang
used for
10x to 40x. An ocu lar mic rom eter sca le was
par ts of the
making pre cise mea sure men ts of diff ere nt
s of the
gen ital ia. In making draw ings , the out line
The se
gen ital ia were drawn usin g a camera luo ida .
pap er by usin g
draw ings wer e then tran sfer red to draw ing
(3)

a fluorescent light table, and then completed freehand.
Sclerotized areas are shown by stippling, pubescence by
fine lines and membranous areas by clear areas.
The specimens used in the study were borrowed from
the collections of the Illinois Natural History Survey,
Urbana, Illinois, and from the personal collection of
Dr. M. A. Goodrich.
RESULTS
Comparative study of the genitalia in the ten
different species of Gymnetis and eight different species
of Cotinis revealed a great amount of variation in their
structures.

These variations are conspicuous not only

between the two genera but are also considerable between
different species of the same genus and may show some
small variations within, the same species.
Of the various parts examined, the internal sac
exhibited the greatest diversity in structure.

The

size and distribution of areas of sclerotization varied
and the variation in armature of these areas ranged
from a single tiny tooth to many heavily sclerotized
stout teeth.

Most species are quite homogeneous in these

characteristics, hence these structures could be very
useful in determining the taxonomic status of the species.
A second part of the genital structure which showed
(4)

considerable degree of variation were the lateral lobes
which differed in their arrangement, degree of sclerolization and presence or absence of teeth at their distal
angles.

This was particularly true among the Gymnetis

species.

DIAGNOSTIC DESCRIPTION OF GYMNETIS SPECIES STUDIED
GYMNETIS SALLE! Sehaum
A stout bodied species, dull black above, with
sides irregularly straw yellow, the head always pale
except at the apex of the clypeus where there is usually
a small black spot.

Occurs in Louisiana, Mexico (Cardona,

Orizaba, Jalapa) and Guatemala (Escuintla).

Diagnostic Description of the Genitalia:

Basal piece a heavily sclerotized arched structure

(3.5 - 4.0 mm long).

Lateral lobes (3.0 - 3.3 mm long)

more heavily sclerotized than the basal piece; distal
ends of the lateral lobes divergent, bearing pointed
teeth at their latero-apical angles; small tooth-like
structures are also present on the inner angles of the
lateral lobes (Fig. 2).

Internal sac, when everted,

pubescent on the distal half and bearing two sclerotized

t5)

areas (1.3 - 1 • .5 mm long), each sclerotized area bearing
many small bristles and a single large stout tooth (0.72 0.75 mm long) (Fig. 1).

GYMNETIS PUNCTATA Blanchard

Color ranging from pale brown to smoky brown on
upper surface, under surface including legs polished
black.

Many prominent punctures on pronotum and elytra

wbich are more concentrated on the lateral sides.
Pygidium opaque black but in some species light brown.
Found in Mexico (Jalapa, Durango, and Jalisco).

Diagnostic Description of the Genitalia:

Basal piece one and a half times longer than lateral
lobes (7.0 mnr long).

Lateral lobes (4.5 mm long) more

sclerotized at the basal half than near the apical ends,
joined at their basal ends but slightly diverging near
the apices (Fig.

3)~

Internal sac, when everted, with

pubescent at the distal part

~nd

a single elongated

sclerotized area (3.2 mm long) bearing two long teeth
(1.2 - 1.3 mm long) (Fig. 4).

In some specimens, the

sclerotized area is shortened, the teeth are reduced in
size and may be doubled in number thus arranged in pairs
(6)

{Figs. 6,7,8).

In one specimen there was only a single

tooth on the internal sac {Fig.

5).

GYMNETIS CINEREA Gory and Percheron

Color greyish brown above, legs and under surface
polished black.

Prothorax with two distinct punctures

on posterior half; elytra with scattered fine punctures,
but far fewer than in punctata.

Found in Mexico

(Monterey in Nueva Leon, Villa Lerdo in Durango, and
Aguascalientes).

Diagnostic Description of the Genitalia:

Basal piece {3.4 - 3.6 mm long} somewhat less
sclerotized than in punctata, longer in length than
lateral lobes; lateral lobes {2.2 - 2.4 mm long} joined
near the basal piece but becoming slightly divergent
toward their apices (Fig. 9); the basal half of the
lateral lobes more sclerotized than the apical halves.
Internal sac, when everted, pubescent on the distal
half; bearing armature in the form of an elevated
pigmented area (2.2 mm long) in the middle of the sac
which bears two long thin teeth (0.92 mm long each)
(Fig. 10).
GYMNETIS ARGENTEOLA Bates

(7)

Body narro wly oblo ng, opaq ue gree nish abov e, unde r
surfa ce inclu ding legs silve ry coba lt in colo r, tars i
Proth orax and elyt ra with many more punc tures
than in cine rea and 2unc tata. Pygid ium silve ry yello w
in colo r. Found in Mexico (Pino s Alto s in Chih uahu a)

blac k.

and Arizo na (Coc hise Coun ty).
Diag nosti c Desc ripti on of the Gen itali a:
Basa l piece (5.1 mm long ) ligh tly scler otize d as in
cine rea but with dark er marg ins, doub le the leng th of the
Late ral lobe s (2.5 mm long ) heav ily
scle rotiz ed with clos ely appr oxim ating basa l halv es
and dive rging apic al halv es, bear ing poin ted teeth on
late ral lobe s.

the oute r marg ins of thei r later o-ap ical angl es (Fig . 11),
late ral lobe s direc ted downward at thei r apic es when seen
in the later al posi tion in cont rast to othe r spec ies
of GVUAetis wher e the apic al ends of later al lobe s are
Inter nal sac when ever ted cons ists of
a relat ively unpig ment ed tube exce pt for the pale yello w
pube scen t porti on and two clos ely place d unno ticea ble

almo st strai ght.

pigm ented area s (0.1 mm long ), each one bear ing a smal l
coni cal tooth (0.35 - 0.40 mm long ) (Fig . 12).
GYMNETIS CRETACEA Leco nte
(8)

Bead with. elevated sides. not seen in any other
onmet,i,s species.

Shining black upper surface; lateral

aargina of prothorax white; elytra with two white transverse maculae midway between bases and the apioes.
Ventral abdominal segment with lateral white spots on
each side near the elytra margin; pygidiwa with two large
white spots.

Anterior tibi.ae distinctly triden ta te

A larger speoies than other GY!!letis (23 - 25 mm long).
Diagnostic Description ot the Genitalia:
Basal piece (4.2 - %.%

llllD

long) one and a balt times

longer than lateral lobe& and more

scleroti~ed

near its

union with the lateral lobes than at the proximal end;
lateral lobes (3.2 - 3.4

Diii

long), almost parallel,

running parallel to eaoh other exoept slightly divergent
at their heavily aolerottzed apical ends; a ridge like
latero-apica l process pr•sent pointing upward and outward (Fig. 13).

Internal sac larger titan any other

GY!petis speoiee but without armature except tor a very
small dark brown ridge like structure bearing two tine
spines (Fig. 14).
JllJt!ETIS LOBIClJLATA Casey
Color dark• brownish grey on the upper surface,
under surface including legs shining black; prothorax
(9)

and ely tra wit hou t any pun ctu res in con
tras t to oth er
sim ilar loo kin g spe cie s; pyg idiu m opa que
bla ck in col or.
Found nea r Jala pa in Mex ico.
Dia gno stic Des crip tion of the Ge nita lia:
Bas al pie ce one and a hal f tim es lon ger
tha n the
lat era l lob es and lig htl y scl ero tize d
as in G. cre tac ea
wit h pro xim al end spl itti ng into a for
k lik e stru ctu re,

-

the two end s of the for k join ing the bas
al par t of the
lat era l lob es (Fi g. 15) . Lat era l lob es
join ed at the ir
bas e but qui te div erg ent at the ir dis tal
end s as in
G. arg ent eol a and Q.:.. sal lei , eac h bea
ring a sha rp poi nte d

too th at the ir late ro- api cal ang le, and
a uni que hook
lik e stru ctu re on the ven tral sur fac e
of the bas al end s
of lat era l lob es (Fi g. 14) . Int ern al sac
wit h two dar kly
pig men ted are as, (1.5 mm lon g) one on
eac h sid e, eac h
bea ring many min ute bri stle s and a sin
gle sto ut poi nte d
too th (0.5 mm lon g) as see n in~ sal lei
(Fi g. 16) .
GYMNETIS CINCTA Bat es
Head wit h two elo nga ted whi te spo ts, col
or dar k
brown on upp er sur fac e wit h lig ht yel low
mar gin s on
pro tho rax and ely tra ; und er sur fac e inc
lud ing leg s
shi nin g bla ck exc ept the fem ora whi ch
bea r whi te pat che s;
(10 )

eacb abdoaiul sepent wttb White patolle• on the lateroventral •id•••
blac~

Pygidlua 11&ht yellow vtth an elongated

•pot in the •14dle,

Found tn Hexioo.

Diagnostic neaortptlon or the Genitalia;
Baul piece approxiaatel y the ..,.. lengt.11 as lateral

lobes (2.5 .. long). more heavily aolerottzed near 1ta
proxiaal end ea,.o1ally laterally.
•

.

Lateral lobes (a.It

long) aore aeleret:lsed near their basal ends, ad

very lightly solerotiaed at their apioea, a feature very
auoh in eontraat to other apeo1ea ot b:!!!•Sip.

They nm

parallel to eaeh other, join•d toget.her at their basal
and

apical end.a. but quite apart tn th• middle tonning

a loop like atruoture (Fig. 17).

I.ateral lobe• bear

teeth on their latero-ap1ca1 angles wbioh point backward.

Internal aac with vel")' little pubeacenoe and no araature
except two lightly ptpented. apote near its proximal
end (Pig. iS).

Externally Illich ltke a.rgenteola but eaaller in •1••·
lipper aurtace

tHaokey

'brow'; under surface including

lee•

e11 very blue an4 tarai blaek; PY&14bm dark brown vi th

white epota. Maq irregular punetur•• on pronotu and
elytra.

Pound in Arl.aona (Noaalea).
(11)

Diagnos tic Descrip tion ot the Genital ia:
Basal piece (3.9 mm long) three times longer than
lateral lobes, almost transpa rent, with no pigment ation
on the distal end but very slight pigment ation near the
proxima l end. Lateral lobes (1.6 mm long) joined at their
basal ends, but gradual ly diverge from each other when
approach ing their apical ends forming a V-shaped

struc-

ture (Fig. 19), more scleroti zed near the apical ends
but with no teeth at their latero-a pical angles.

In-

ternal sac, (3.s mm long) when everted, quite differen t
from the other species of GY!Beti s, with a crescen tshaped scleroti zed area at the distal margin bearing a
single darkly pigmente d tooth (0.5

Jllll1

long) (Fig. 20).

GtMNETIS Sp. A.
Color above dark olive, under surface includin g legs
shinging maroon, a part of prothora x with a green metallic
sheen and a few white spots.
larly scattere d punctur es.

Elytra with several irreguPygidium opaque olive.

Found in Guatema la.

Diagnos tic Descrip tion of the Genital ia:

(12)

Bi&sal piece (3.2 - 3.5 mm long) one and a half times
longer than lateral lobes and more sclerotized at the
proximal end than at the distal end.

Lateral lobes

(2.2 - 2.4 mm long) stout heavily sclerotized structures

bearing darkly pigmented teeth on both sides of their
latero-apioa l angles (Fig. 21).

Internal sac with pale

yellow pubescence and a small solerotized area in the
middle (0.3 mm long), bearing many small blunt teeth
arranged in three parallel rows (Fig. 22).

GYMNETIS Sp. B.

Upper surface pale brown in color, lower surface
including legs shining black.

Several irregularly scat-

tered punctures on the head, on the elytra the punctures
are concentrated on the inner longitudinal margins of
the elytra.

Pygidium black with a large yellow spot

in the middle.

Diagnostic Description of the Genitalia:

Basal piece (4.4 - 4.7 mm long) a little more than
double the length of lateral lobes, lightly sclerotized
on the distal end.

Lateral lobes (1.9 - 2.1 mm long)

joined with each other in the middle but separated on

(13)

both the ends, moderatel y sclerotize d at the basal
end but very lightly sclerotize d near the distal ends
forming a transpare nt margin (Fig. 23).

Internal sac

with yellow pubescenc e and a single large sclerotize d
area (1.6 mm long) bearing two thin teeth (0.6 - 0.7
mm long) in the middle and three small teeth located
on the lateral margin of the sclerotize d area (Fig. 24).
DIAGNOSTIC DESCRIPTION OF COTINIS SPECIES STUDIED

COTINIS MUTABILIS Gory and Percheron

Color highly variable, ranging from jet black to
opaque green on the upper surface.

Shining metallic

green on the lower surface including legs.

Clypeal

horn well developed with a distinct ridge on the dorsal
side.

Frontal process long and well developed , usually

free and expanding at the apex.

Pronotum and elytra

smooth with very fine indistinc t punctures .

Pygidium

shining green with transverse strigulati ons.

Occurs

in southwest ern United States (Texas, New Mexico and
Californi a) and south into Mexico, Central America and
northern South America.

Diagnosti c Descriptio n of the Genitalia :

(14)

Basal piece (5.8 mm long) more sclerotized at its
union with lateral lobes than at the base and is almost
one and a half times longer in length than the lateral
lobes.

Lateral lobes (4.1 mm long) somewhat more

sclerotized and separated at their apical end but comparatively less sclerotized and fused together the rest
of their length, possessing small teeth at their lateroapioal angle which are pointed outward and backward
toward base (Fig. 25).

Internal sac with a large

elongated darkly pigmented sclerotized area (1.7 mm
long) bearing two long and stout teeth (1.6 mm long each)
(Fig. 26).
COTINIS LATICORNIS Bates

Color green, mixed with brown on the sides and
posterior part of the elytra; under surface shining
metallic green, legs with light brown hairs.
horn short with a tridentate apex.

Clypeal

Well developed

frontal process with a dull point apex instead of expanded one as seen in Mutabilis.

Punctate pronotum and

alytra smooth with indistinct punctures; pygidium shining
green like under surface.

Found in West Central Mexico

(from Sonora and Durango Mexico and Michoacan States).
Diagnostic Description of the Genitalia:
(15)

Basal piece one and a half times longer than
lateral lobes (6.5 mm long) and is more sclerotized at
its union with lateral lobes than at the distal end.
Lateral lobes (4.2 mm long) darkly but evenly sclerotized
throughout their length, slightly separated at their
apical end but joined together at rest of their length,
distinct teeth present on the latero-apical angles
(Fig. 27).

Internal sac with a large dark sclerotized

area (1.6 mm long) possessing a single stout tooth
(1.9 mm long) (Fig. 28).
COTINIS LEBASI Gory and Percheron

Color green, yellow or reddish brown on the pronotum and elytra, legs and under surface shintng bronze
to metallic red.
of the elytra.

Two dark spots at the posterior margin
Clypeal horn, in contrast to DlUtabilis

is small and triangular in shape.

Frontal process with

an expanded or sometimes pointed apex, but fused to
head for most of its length.
opaque pygidium.

Distinctively smooth and

Occur in Central America and northern

South America (from Honduras South to Columbia).

Diagnostic Description of the Genitalia:
Basal piece (5.2 mm long) a heavily sclerotized
(16)

arched structure.

Lateral lobes (3.a mm long) attached

to the distal end of basal piece and are more sclerotized
at their basal end than at the apical end, their basal
halves fused to each other, and apical halves separate
but closely approximating to each other, possessing a
ridge-like process which forms teeth at the lateroapical angle {Fig. 29).

Internal sac finely pubescent

with a dark sclerotized area (2.0 mm long) bearing two
long thin teeth (1.6 mm long each) (Fig. 30).

COTINIS SUBVIOL.ACEA Gory and Percheron

Color variable, ranging from deep plum to shining
brassy green above, with a similar coloration on the
under surface.

Reduced clypeal horn but a long frontal

process usually with a free pointed apex.

Elytra smooth

without any longitudinal costae or punctures.

Pygidium

brownish black with transverse strigulations.

Occur

in Eastern Mexico.

Diagnostic Description of the Genitalia:

Basal piece (5.8 mm long) a moderately sclerotized
\

structure, one and a half times longer than lateral lobes.
Lateral lobes

(3.s mm long) more sclerotized at the basal
(17)

end than at the apical end, separated at their apical
ends but tused together throughout rest of their len&th
(Fig. 31), and possessing ridge like teeth at their lateroapical angle.

Internal sac with a small and very lightly

pigmented sclerotized area (0.3 mm long) bearing a
single tiny tooth

(0~2

mm long)(Fig. 32).

COTINIS FUSCOPICEA Goodrich

Color polished brownish-black above, legs and under
Clypeal horn triangular and

surface shining dark brown.

more strongly developed than subviolacea.
frontal process with a free apex.
with very fine punctures.

Long pointed

Pronotum and elytra

Pygidium brownish black

with transverse strigulations.

Occumin Temax, Yucatan,

and Mexico.

Diagnostic Description of the

Ge~talia:

Basal piece (5.8 mm long) one and a half times longer
than lateral lobes.

Lateral lobes (4.2 mm long) more

sclerotized at their basal end than at the apical end,
fused at the basal end and separated for the rest of
their length but very closely approximating each other,
possess teeth at their latero-apical angle (Fig. 33).
(18)

Internal sac with an elongated solerotized area (1.1 mm
long) bearing a single darkly pigmented tooth
long) (Fig. 34).

(o.a

mm

On some specimens few additional

smaller teeth have also been reported.

COTINIS NITIDA Linne

Pronotum green with tawny lateral borders, elytra
green with tawny borders on both lateral and posterior
sides.

Clypeal horn well developed, with reduced or

no ridge between clypeus and clypeal horn as seen in
mutabilis.

Frontal process free and well developed

as in mutabilis.
punctures.

Pronotum and elytra with indistinct

Pygidium bicolored, with basal green and

tawny apical portion.

Occurs in the United States

east of the hundreth meridian.

Diagnostic Description of the Genitalia:
Basal piece (6.5 mm long) a moderately sclerotized
arched structure of the usual form.

Lateral lobes

(3.9 mm long) heavily but evenly solerotized, with
completely fused basal ends and slightly separated apical
ends; ridge-like process present on the latero-apical
angles which project into small teeth (Fig. 35).

(19)

Internal sac with an elongated solerotized area (1.6 mm
long) bearing a single stout tooth (1.2 mm long)
(Fig. 36).

COTINIS PAUPERULA Burmeister

Color ranging from blue-green to light brown above,
legs and under surface metallic shining green.
developed clypeal horn with a pointed apex.

Moderately

Frontal

process reduced to a narrow longitudinal oarina.
Pronotum finely punotate.

Elytra distinctly punctate

and striated, the punctuations concentrated on the posPygidium opaque brown with transverse

terior part.
strigulations.

Occurs in Southwestern Mexico (from

States of Colima and Michoacan south into Oaxaca).

Diagnostic Description of the Genitalia:
Basal piece (4.5 mm long), lateral lobes (3.2 mm
long) more heavily sclerotized at the basal end than at
the apical end, fused completely at the basal end but
slightly separated the rest of their length with small
ridge-like processes at the:l.r latero-apical angles
(Fig. 37).

Internal sac with fine pubescence but without

any solerotized area or armature (Fig. 38).

(20)

COTIHIA AWrONII

Dua••

Color sllln:t.ng black w1 t11 brownish r"etlectiou on

upper surface, similar coloration on 1•1• and under sur-

Frontal proce•• tuaed to

face.

Reduced clypeal horn.

head.

Pronotu tinel7 punotate, elyira distinctly

punotate and atriate.

Pygid1um finely etr1pl.ate and

shining with two 4epreaa1ona on eaoh aidte.

oeoura ln

Central Mexico, States of Guanajuato andl zacatecea.

Diagnostic Deeor1pt1cm ot the Genitalia:

Baaal pieoe relaiively long tor £!J;a&I ( 1,t.5 •

long),

•

an4

moderately solerotized.

Late~ral

lol>ea (2.6

long) tlatteae« and more heavily solerottaed at their

basal end than at their ap:loal and, •lightly separated
throughout their lengtb. but closely

P"rl~llel

to each other

without any ridge or teeth at their late1ro-apical angle
(Fig. :S9).

Int.emal no with pubesoenot' on the lower

halt and a very nall 11ptl:y selerotized area (0.6 mm

long) bearing two slender teeth (O.% (Fig. 40) •

(21)

o.s

mm long)

DISCUSSION

A great deal of variation is observed in the structure of certain parts of the genitalia in different species of

These variation s in the genitalia ,

~Y!!'!!letis.

while great in some structure s, are still not a radical
departure from the basic type for gymnetine scarabs.
Hence it was possible to homologiz e these structures
and to determine a possible relationsh ip between the
different species.
With regard to the variation of the major parts
of the external genitalia , the following general conditions may be made.

The least variation is seen in

the basal piece which appears similar in almost all
the species studied except in size and the degree of
sclerotiza tion.

The lateral lobes appear much more

diversifie d in their structure , varying in shape, in
position with respect to each other, degree of sclerotiz ation, and presence or absence of teeth at their distal
angles.

The greatest variation s are seen in the chi-

tinous armature of the internal sac, which ranges :from
a small sclerotize d area with a single tiny tooth to
one, or sometimes two large elongated sclerotize d areas,
with one or more distinct teeth.

In two of the species

studied no chitinous armature is seen on the internal
sac.
(22)

Diff eren ces in the stru ctur e of late ral lobe s
atur e
alth oug h not as grea t as thos e seen in the arm
t imp orof the inte rna l sac, were con side red to be mos
unif orm ity
tant in indi cati ng rela tion ship s beca use of the
ther it is
of thes e stru ctur es with in each spe cies . Fur
ity of
felt that rela ted spec ies show gre ater sim ilar
(bas al
the stru ctur e of the hard part s of the aede agus
piec e and late ral lobe s).
In stud ying the sim ilar itie s among the Gym netis
note d
spec ies on the bas is of late ral lobe s, it is
that the late ral lobe s in

!it. sall ei are sim ilar to

of thes e
thos e of G. arge nteo la (Fig s. 2, 11). In both
l end,
spec ies the late ral lobe s are join ed at the basa
me quit e
but grad uall y dive rge from each othe r and beco
§:.:. sall ei
apa rt at the ir late ro-a pica l ang les. However
ral lobe s
poss esse s teet h on the inne r side of the late
nteo la
whic h are not seen in G. arge nteo la. In §:.:. arge
eriz ed
on the othe r hand , the late ral lobe s are cha ract
at the ir
by the ir shap e, in tha t, they curv e downward
apic es (Fig . 12).
The late ral lobe s of
sim ilar to thos e of

!!.!,.

lobi cula ta app ear somewhat

!it. sall ei and

!k_ arge nteo la with

l ends
the ir dive rgin g apic al halv es and join ed basa
l ang les.
and the pres ence of teet h at the ir late ro-a pica
in
However the late ro-a pica l teet h are redu ced and
(23)

addition they also possess a hook like structure on
the ventral sur1'ace o:t the base, which is not seen in
any other species of GY!!letis studied (Fig. 16).
The similarity 1• basic structure and arrangeme nt
of the lateral lobes in the a.hove three species is in-

dicative of their relationsh ip.

This idea is strengthe n-

ed by the tact that all these species possess two areas
of sclerotiza tion on the internal sac (Figs. 1, 12, 16).

Geetis sallei seems to be more closely related to
G. lobioulat a in that in both these species the sclerotize d
areas are larger, widely separated , and bear a single
stout tooth on each, whereas in 11.t.. 'rgenteol a the
sclerotize d areas are very small, quite close to each
other, and bear a single tiny tooth (Fig. 12).
The lateral lobes ot
to those of G. 2unctata.

~,,

cinerea are quite similar

In both of these species the •

lateral lobes are not quite joined with each other,
although they are approxima te at the basal end and are
slightly apart at their apices (Figs. '.5, 9).

Further,

the laok of teeth at the distal angles of their lateral
lobes and the lack ot sclerotiza tion near the apical
ends in both these species is quite suggestiv e of their
relationsh ip.
§I?..

A similar situation is seen in Geetis,

!! , which appears very much like punctata externally •
(24)

and resembles the above two species in the absence of
teeth at the distal angles of lateral lobes and lack of
sclerotization at the apical ends.

But the lateral

lobes in this species are joined in the middle and are
slightly apart at both the ends (Fig. 23).
Similarity in the above three species is also seen
All three species

in the armature of the internal sac.

possess a single elongated sclerotized area in the
middle of the internal sac, bearing at least two long
teeth, although the number of teeth varies within some
specimens.
An interesting example of variation within a species

is observed in

~

punctata in which the internal sac

varies in armature in different specimens.

The area.

of sclerotization is similar but the number of teeth and
their degree of sclerotization varies.

In one specimen

there was only one stout tooth on the internal sac (Fig.

5), whereas in other· specimens the number of teeth varied
from two to four (Figs. 4, 6, 7, 8).

-

-

-

The lateral lobes of G. cincta, G. laetula, G.
cretacea and

~ ~

! all have distinctive structures

and arrangement of their own and hence do not seem to
show any particular similarity to each other or to any
other species of Gymnetis studied.

-

-----

But the internal

sac in G. cincta and G. cretacae are similar in the sense
(25)

that both these species do not possess any kind of
armature on the internal sac, except that &:,. cincta
has two very lightly pigmented areas near the basal end
of the sac and .2.t. cretacea has brown pubescence and a
few dark brown spots scattered on the internal sac
(Figs. 14, 18).
Gymnetis laetula has a single area of sclerotizatio n
but it is on the distal margin of the sac bearing a
single short tooth which is quite different from the
other species of Gymnetis seen (Fig. 20).
Study of the related genus Cotinis, on the other
hand, shows it to be a much more homogenous group with
regard to the structure of the lateral lobes and basal
piece.

The lateral lobes in all Cotinis species studied

were fused at the basal end, gradually diverging and
slightly separated at the apical end, a condition
similar to Gymnetis cretacea 0

The exceptions were noted

in Cotinis laticornis and Cotinis subviolacae in which
the two lateral lobes are completely fused with each
other throughout their length and slightly separated
near the apical end (Figs. 27, 31).
In all the Cotinis species studied, the internal
sac possesses a condition similar to

~

punctata, 2.t_ cinerea, !?..:_ §.I?.•...! and !?..:_

laetula,

~

!!.:_

!!,, but contrast-

ing to other species of Gymnetis which possessed two
areas of sclerotizatio n on the internal sac.
(26)

gen ital ic
The abov e desc ribe d grea t vari atio ns in the
reve al a
stru ctur e of the spec ies of Gym netis stud ied
ests that
lack of hom ogen eity in the genu s whic h sugg
Furt herm ore,
sub divi sion of the genu s may be nec essa ry.
spec ies arri ved
the lack of cong ruen ce betw een grou ping s of
tics with
at by ear lier stud y of exte rnal cha ract eris
s, indi cate
thos e grou ping s base d on gen ital ia sim ilar itie
s of cha ract erclea rly the need for util izat ion of both type
isti cs in any such reor gan izat ion.

(27)

ter al vie w of ma le ge nit ali a
Fig . 1. Gy mn eti s sa lle i. La
. Ab bre via tio ns:
wi th int ern al sac av ert ed
al lob es; is,
bp , ba sal pie ce ; 11 , lat er
ero tiz ed are a.
int ern al sac ; t. tee th; sa , scl

Fig . 2. Gy mn eti s sa lle i.
lob es.

Do rso -la ter al vie w of lat er al

Fig . 3. Gy mn eti s pu nc tat a.
lob es.

Do rso -la ter al vie w of lat er al

al vie w of ma le ge nit ali a
ter
La
ta.
cta
lun
s
eti
mn
Gy
4.
Fig .
wi th nte rna l sac ev ert ed .

(28 )

1

t

.•

i

~

3

Figs. 5,6,7 ,8.

Gymnetis punct ata. Intern al sacs
showin g sclero tized areas and
varyin g number of teeth.
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Fig. 9.

Gymnetis cinerea.

io6es.

Dorso-lateral view of lateral

Fig. 10. Gymnetis cinerea. Lateral view of male genitalia
with internal sac averted.
Fig. 11. Gymnetis argenteola.
lateral lobes.

Dorso-lateral view of

Fig. 12. Gymnetis arfenteola. Lateral view of male
geni'Ea ia with internal sac everted.
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Fig.

13.

Fig. 14.

Fig.

15.

Fig. 16.

Gymnetis cretac ea.
latera l lobes.

Dorso latera l view of

Gymne tis cretac ea. Later al view of male
genit alia with intern al sac everte d.
Gymne tis lobic ulata.
latera l lobes.

Dorso latera l view of

Gymne tis lobic ulata. Later al view of male
genit alia with intern al sac everte 4.

(31)

·:: .
•, ,

'.·. ·

18
.

.

?''t·• .•
'

'
', \: ·..
I

'

l
'·

'

':

'

' .'
1

,,'}"}
'f

>)
'1 - '

(."'._·:I•~ '-;

1
't ,'• ,

f

~'

I

...

:'·

:

I

I

'\I,'

: ' I I

.'

".,.

'

•\
I

'

"

Fig. 17.

GYJD!letis cincta . Dorso latera l view of
latera l lobes.

Fig. 18.

GY]Dlletis cincta . Latera l view of male genita lia
with intern al sac everted .

Fig. 19.

Gpmet is laetula . Dorso latera l view of
latera l lobes.

Fig. 20.

Gymne tis laetula . Latera l view of male genita lia
with intern al sac everted .
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11
.. ,

17

20

18

Fig. 21.

Gymn etis Sp. A.
lobes .

Fig. 22.

Gymn etis Sp. A. Later al view of male genit alia
with inter nal sac evert ed.

Fig. 23.

Gymn etis Sp. B. Dorso later al view of later al
lobes .

Fig. 24.

Gymn etis Sp. B. Later al view of male genit alia
with inter nal sac evert ed.
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Fig. 25.

Cotin is mutab ilis.
latera l lobes.

Fig. 26.

Cotin is mutab ilis. Later al view of male
genit alia with intern al sac everte d.

Fig. 27.

Cotin is latico rnis.
latera l lobes.

Fig. 28.

Cotin is latico rnis. Later al view of male genit alia
with intern al sac everte d.
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Dorso latera l view of

Dorso latera l view of
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Fi g. 29 .

C ot in is le ba si . Dorso
la te ra l vi ew of
la te ra l lo be s.

Fi g. JO.

Co tin is le ba si . La te
ra l vi ew of m ale
ge ni ta lia w ith in te
rn al sa c ev er te d.

Fi g. 31 .

C ot in is su bv io la ce a.
la te ra l lo be s.

Fi g. 32 .

Co tin is su bv io la oe a.
te ra l vi ew of male
ge ni ta lia w ith in teLa
rn al sa c ev er te d.
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Do rso la te ra l vi ew of

18

,.,

... ,

.....

·,

. ..
. '·'1

21

12

-----...

·:. ·....

·

F ig . 33 . C ot in is fu
sc op ic ea .
la te ra l lo be s.

D or so la te ra l vi ew
of

F ig . 34 .

C ot in is fu sc op ic ea
L at er al vi ew ot m
g en it al ia w it h . in te
al e
rn al sa c ev er te d.

F ig . 35.

C ot in is n it id a. D
la te ra l lo be s. or sa l la te ra l vi ew of

F ig . 36 .

C ot in is n it id a. L
er al vi ew of m al e
g en it al ia w it h at
in te rn al sa c ev
er te d.

{3 6)

34

. ' ,.

'I' I
,'' l I I'
I

j

I

\I

1

r- , , < ,' ,

',', '•

I
(
·, ) I ' I

'

11
(.
I

j

'r

I,

I )
1

~

' \

'

',I~

Il

(

,

.(
I

\

I

I

,

1

/~'"''"'
/
:.'y:>
~ :-;:-.:-.•.°'

I

•, 11
• I

I:: .. ·

I

··~-:·.

I. I I I

/

I

I

I

I

I

I

(,

'

I

(

)

li
I

(

I~

I
:,

11) I

~ ; If/ )1 I./
~ ,/,I, I'

I

'

I

I I

Ir "

•

I
'

'·

'

f, I

I

,,

, '.
I

f

',
I , I

'·I

I
I( I
'\I

'

I

(

I'

r. :

l

(

)

•

I

' '
I

II

(

I

I I•
• ,I , , , I ,, .. 1.,

I'

I,\ r f
'!1\l( o'
II
II I 1' I\ I
I

'

I

I '

'

/ •

I

f

f I I

'

f '

I

,'I'
ll'
'
,
, , I
I I )11;
1

I

1

I

o' ! '/ / , } ,·

I

I(, ( ' ( \

,

, '

.I

o

II

I ;, 'I ,'1 /,0

'

I

I I

1; '., I

I
,

''

I

I

t'

'',,

I

I/

I

I

't'
I

I

',

/..
\'

"

\

. :·.

·,·

)·
I

.---r
'\

. I•,

·..-

15

Fig. 37.

Cotini s pauper ula.
latera l lobes.

Fig. 38.

Cotini s ~auperula. Latera l view of male
geni alia with intern al sac everted .

Fig. 39.

Cotini s antoni i. Dorso latera l view of
latera l lobes.

Fig. 40.

Coti.ni s antoni i. Latera l view of male genitalia with in.tern al sac everted .
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Dorso latera l view of
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